SUMMARY The incidence, mechanisms and sites of block of spontaneous termination of circus movement tachycardia (CMT) using an atrioventricular accessory pathway (AP) were analyzed in 24 consecutive patients (17 with Wolff-Parkinson-White syndrome and seven with a concealed AP) who were not ieceiving antiarrhythmic drugs. Spontaneous termination of tachycardia occurred in 10 patients (105 episodes). A reduced "safety margin" of tachycardia was the only factor that was significantly more common in the patients who manifested spontaneous termination (p < 0.01). The site of spontaneous block was located in the AP in six patients (50 episodes), atrioventricular node (AVN) in six patients (37 episodes) and His-Purkinje system (HPS) in three patients (18 episodes).
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At least 14 mechanisms leading to block in the tachycardia circuit were identified. Labile conduction during tachycardia occurred at multiple sites (AVN, His bundle, bundle branches, and AP). Analysis of the duration of tachycardia before spontaneous termination showed a characteristic time pattern for block at each site, consistent with the autonomic and electrophysiologic changes that occur after induction of tachycardia.
Spontaneous termination of CMT using an AP is a common phenomenon. Many mechanisms are involved, which are often complex and dependent on interplay of the electrophysiologic characteristics of the components of the tachycardia circuit.
PAROXYSMAL supraventricular tachycardia often involves the atrioventricular (AV) node or accessory pathway (AP) as part of the reentry circuit.' Patients who have this form of arrhythmias frequently report a history of transient palpitations, suggesting that spontaneous termination of tachycardia is common under physiologic conditions. Programmed electrical stimulation of the heart combined with intracardiac recordings makes it possible to determine the sites and mechanisms of spontaneous termination of tachycardia. These observations on the site and mechanism of spontaneous termination of tachycardia might be relevant in choosing an effective antiarrhythmic drug 2 regimen. We report on the incidence, sites of block, and detailed mechanisms of spontaneous termination of circus movement tachycardia using an AP in 24 patients who were not taking antiarrhythmic drugs.
Patients and Methods
We retrospectively analyzed 24 consecutive patients (beginning in January 1978), ages 11-60 years, in whom circus movement tachycardia using an AP was induced during clinical electrophysiologic study. No patients were excluded from analysis. Fifteen patients were male and nine were female. Seventeen patients had Wolff-Parkinson-White syndrome (WPW) and seven had a concealed AP (capable of retrograde conduction only). The AP was located on the left side in 20 patients, the right side in three patients and in the septum in one. Informed consent was obtained before electrophysiologic study. Antiarrhythmic drugs were discontinued at least five halflives before electrophysiologic study. Lidocaine (2% solution), 5-10 ml, was used for local anesthesia. Our technique for electrophysiologic study has been reported. 3 Continuous recordings of at least eight simultaneous surface and intracardiac leads were obtained during all episodes of tachycardia at a paper speed of 100 mm/sec. All episodes of tachycardia in these patients were recorded and those that terminated spontaneously were analyzed. Patients with a concealed AP had a higher incidence of spontaneous termination of tachycardia than those with WPW (NS by Fisher's exact test). The three patients with right-sided APs showed spontaneous termination of tachycardia. The AP was a site of block in these three patients. No statistically significant differences were found in patients with spontaneous termination of tachycardia compared to those without in terms of location of AP; presence or absence of enhanced AVN function; AH, HV and VA intervals during tachycardia; AERP; AVNERP/FRP; VERP; retrograde APERP; and tachycardia cycle length.
Patients with spontaneous termination of tachycardia had a safety margin of 20 i 43 msec (mean ± SD) compared to 48 + 36 msec in those without spontaneous termination (p < 0.01). In general, the site in the tachycardia circuit with the longest refractory period at a basic cycle length of 600 msec was the AP (13 of 22 cases in which these data were available.) In seven of 10 cases the longest refractory period in the tachycardia circuit at a basic cycle length of 600 msec coincided with one of the observed sites of block that caused termination tachycardia. Of interest was the negative safety margin of up to 40 msec noted in four patients, always the result of a long retrograde refractory period in the AP. Tachycardia in these cases clearly depended on rate-related shortening of refractoriness in the AP. Spontaneous termination of tachycardia occurred in three of these four patients at the level of the AP in one, the AVN in another, and either the AVN, HPS or AP in the remaining patient.
Sites of Block Causing Spontaneous Termination of Tachycardia
The number of episodes of spontaneous termination and sites of block are shown in table 1. The most frequent sites of spontaneous termination were located No. of patients 6 3 6 Abbreviations: AVN = atrioventricular node; HPS = His-Purkinje system; AP = accessory pathway.
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in the AP or the AVN. Three patients manifested block at multiple sites in the tachycardia circuit. In searching for factors associated with block at a specific site, those with block at that site were compared with the other 14 patients who did not manifest block at that site. None of the measurements outlined in the methods section showed statistically significant correlation with a specific site of block in the tachycardia circuit. However, all right-sided APs showed spontaneous termination of tachycardia in the AP, although the numbers were too small to determine statistical significance. All tachycardias that ter- minated spontaneously at the level of the HPS showed either right or left bundle branch block aberrancy before block. Bundle branch block aberrancy per se, however, was not predictive of block in the HPS.
Mechanisms of Spontaneous Termination of Tachycardia
Block in the Accessory Pathway
Five mechanisms led to block in the AP:
(1) Sudden spontaneous block in the accessory pathway without any preceding changes in the tachycardia (patients 3-6, 8 and 9). Sometimes, minimal changes in tachycardia cycle length of 5-10 msec were observed that were within the range of the natural variability of the tachycardia.
(2) Block in the AP after a short cycle during cycle length alternation of tachycardia (generally in the AH interval) ( fig. 2 ) (patients 3, 4 and 6). This was not related to a critical length of the short cycle. However, no episodes of block in the AP were observed after the long cycle during cycle length alternations.
(3) Block in the AP after gradual shortening of the tachycardia cycle length due to a gradual decrease in the AH interval (patients 5 and 6). Occasionally, a VA increase was noted with decrease in cycle length, suggesting decremental conduction in the VA part of the tachycardia circuit (but not necessarily in the AP itself) ( fig. 3 ).
(4) Sudden shortening of AH interval during stable tachycardia (without any antecedent changes in AH interval) causing block in the AP by advancing ventricular activity during tachycardia (patients 3 and 8).
(5) Loss of bundle branch block ipsilateral to the AP causing block in the AP by advancing ventricular activation in the region of the bypass tract without altering the onset of ventricular activity ( fig. 4) Although the labile component of the tachycardia circuit is considered to be the AVN, we also observed variable conduction during tachycardia in the His bundle, bundle branches and AP. Conduction either improved, was impaired, or alternated. Improved conduction may lead to block elsewhere in the circuit. Onset of impaired conduction at one site in the tachycardia circuit may herald block at that site or cause block at a distant site. This latter finding depends on the slope of the AVN function curve during tachycardia. If it is steep, small changes in the tachycardia cycle may be amplified. Thus, a delay in conduction may produce unstable tachycardia with oscillating long and short cycles (often with variable AH, HV and sometimes VA intervals) before the occurrence of spontaneous block at one site. Cycle length alternation during reentry supraventricular tachycardia due to alternating long and short AH intervals has been described.91-21 Curry and Krikler22 described its relationship to the relative refractory period of the AVN during simulated circus movement tachycardia. We also observed cycle length alternation due to HV alternation. Cycle length alternation during tachycardia (usually due to AH alternation) was associated with block at the level of the AVN, HPS and AP. Block always occurred after a short cycle. Often, preceding short cycles of similar duration failed to cause block (figs. 2 and 5). Thus, block during cycle length alternation may not be strictly rate-related phase 3 block. However, constant association of block with a preceding short cycle suggests a causal relationship rather than a fortuitous nonrelated phenomenon.
Multiplicity of Mechanisms of Spontaneous Termination
We identified mechanisms that lead to spontaneous termination of tachycardia. However, sudden spontaneous block without precipitating cause often occurred at the level of the AP, so the assumption that block at this level was due to other mechanisms must be examined. Occurrence Three conditions for reentry must be satisfied before the first echo beat can be induced: presence of a potential reentry circuit, one-way block in one of the limbs of the circuit, and slow conduction through the circuit to allow previously depolarized tissues ahead to recover excitability.
Rate-dependent Phase
This lasts for approximately the first 5 seconds of tachycardia and is largely independent of changes in autonomic tone, which take longer to have significant effects. Once the first echo has been achieved, con During the phase of increased sympathetic tone (phase 3a), rate-dependent block would be expected to continue to occur because shortening of the AH interval increases tachycardia rate. The site of block during phase 3a would depend on the original refractory periods of the components of the tachycardia circuit and their subsequent changes due to increased rate and sympathetic tone. In our study, spontaneous termination of tachycardia in this phase was due to block in the AP only (10-30-second duration of tachycardia). Retrograde APERP tended to be the longest refractory period in the circuit, and AVN refractoriness was decreased by the increased sympathetic tone, so block in the AP might be expected at this stage. We postulate that a rate-related decrease in HPS refractoriness explains the lack of spontaneous block in the HPS in phase 3a of tachycardia.
The occurrence of some instances of spontaneous termination in the AVN after more than 30 seconds of tachycardia correlates with the increased vagal and decreased sympathetic tone phase (phase 3b) of tachycardia. Our instances of AVN block at this stage were associated with cycle length alternation in the AH interval, as might be expected with increased AVN refractoriness. Occasional episodes of spontaneous block in the AP occurred during sustained stable tachycardia, without any preceding change in tachycardia. This might represent fatigue in AP conduction.
Limitations of the Study
Electrophysiologic studies have inherent drawbacks in interpreting physiologic events. Thus, lidocaine local anesthesia,24 catheter-induced trauma to the AP25 or HPS, and posture23 may have significant effects. Block of conduction in the AP or HPS was not observed during sinus rhythm in our study, so any catheter-induced trauma was apparently minor. Autonomic tone is also difficult to assess, but it appears that electrophysiologic study does not provoke a hyperadrenergic state.26 Given these limitations, our results must be interpreted with caution when extrapolating to spontaneous termination of tachycardia under physiologic circumstances. 
